ABSTRACT Studies were conducted to examine the deposition of microcapsules and the attractiveness of treated apple leaves, Malus domestica Borkhausen, for codling moth, Cydia pomonella L., after low-volume concentrated sprays [24.7 g (AI) in 12 liters of water/ha] of a microencapsulated (MEC) sex pheromone formulation (CheckMate CM-F). Nearly 30% of leaves collected from sprayed zones within tree canopies had no microcapsules, whereas 20% had Ͼ20 microcapsules. Microcapsule density was correlated with leaf area, and signiÞcant differences in the density of microcapsules per leaf were found because of both height and depth in the canopy relative to the sprayed zone and leaf surface. In general, the highest concentration of microcapsules was deposited on the underside of leaves in the sprayed zone. However, deposition was greater on the upper than the bottom surface of leaves in the canopy below the spray zone and in the tops of trees on the opposite side of the canopy. Field-aged MEC-treated apple leaves elicited upwind ßight and moth contact in ßight tunnel tests for at least 5 wk. Precipitation reduced the attractiveness of leaves, particularly for leaves treated only on their upper versus bottom surface. Traps in unsprayed orchards baited with MEC-treated artiÞcial leaves were attractive for 5 wk. Moth catches in similar traps placed in MEC-sprayed plots were low but increased signiÞcantly over 3Ð 4 wk. These data suggest that, after a brief initial period of sensory disruption, low-volume MEC sprays create point sources of sex pheromone (leaves) within the orchard that may enhance mating disruption through competitive attraction.
Sprayable microencapsulated (MEC) sex pheromone formulations for codling moth, Cydia pomonella L., have been developed and tested for Ͼ30 yr (Vickers and Rothschild 1991) . Unfortunately, several major limitations have limited their commercial use, such as short residual effectiveness caused by signiÞcant declines in microcapsuleÕs emission rate and chemical and physical integrity, and high costs associated with both formulation and the need for multiple spray applications per season (Knight et al. 2008) . Recent development of a new, low volume (12Ð50 liters/ha) spray approach using the MEC formulation, CheckMate CM-F (Suterra LLC, Bend, OR) has signiÞcantly improved the performance of sprayables for codling moth . The success of seasonal management programs with CheckMate CM-F where sprays [24.7 g (AI)/ha] were reapplied every 3Ð 4 wk was comparable with hand-applied dispensers in both apple and pear (Knight et al. 2008) .
Previous reviews of sex pheromoneÐ based mating disruption assumed that the effectiveness of sprayable MEC pheromones was caused by the creation of a sufÞciently concentrated and uniform "fog" that could prevent male moths from locating actively calling females (Sanders 1997) . The emission rate from individual or clumps of microcapsules was conjectured to be too low to be attractive as a point source, eliciting false trail following (Doane 1999) . Furthermore, MEC formulations have been considered to be less effective than hand-applied dispensers because they are less likely to affect several behavioral mechanisms associated with mating disruption Minks 1995, Judd et al. 2005) .
Air blast applications of MEC formulations for codling moth have supported these generalizations. For example, levels of fruit injury were often higher in MEC-treated than in comparable blocks treated with hand-applied dispensers (Epstein et al. 2003 , Kahn et al. 2006 ). An air blast application of CheckMate CM-F created a fairly homogeneous distribution of low numbers of microcapsules on leaves (98% with Ͻ10) and disrupted male catch in female-baited traps for only 1 wk . In contrast, the lowvolume application (48 liters/ha) evaluated in this study deposited a greater range of microcapsules per leaf (up to 116) and was effective for 3 wk. We previously hypothesized that the greater clumping of microcapsules may have created thousands of attractive point sources per hectare and enhanced and extended their effectiveness through a competitive attraction mechanism . Laboratory ßight tunnel studies supported this hypothesis by showing that clumps of microcapsules initially disrupt male moth orientation by a noncompetitive mechanism followed by a longer period when males were disrupted by false plume following (Stelinski et al. 2005) .
Herein, we report studies conducted to expand our knowledge of the distribution and attractiveness of clumps of microcapsules deposited on leaves after a low-volume spray application of CheckMate CM-F. Flight tunnel studies were conducted to evaluate male codling moth orientation to Þeld-aged treated leaves. Field studies were conducted to evaluate the attractiveness of traps baited with artiÞcial leaves treated with varying numbers of microcapsules. These data support our original hypothesis that the low-volume MEC spray application enhances the creation of attractive point sources (leaves) and likely increases the role of competitive attraction as an important mechanism in mating disruption of codling moth with CheckMate CM-F. Spray practices that could further improve the effectiveness of this approach are discussed. (Knight et al. 2008) . The speed of the ATV was adjusted to deliver 24.7 g (AI) in 12 liters of water/ha. Sprays were applied at 207 kPa, and nozzles (D2 or D3 full cone tips; TeeJet Technologies, Wheaton, IL) were mounted at either 1.3 or 1.6 m from the ground and angled at 45Ð55Њ to target the spray into the upper canopy at a height of 2.5Ð3.2 m (spray zone). The density of ßu-orescent microcapsules per leaf was sampled in each orchard by collecting Þve leaves from two shoots within the spray zone of 10 trees. Microcapsules on both leaf surfaces were counted under an UV light in the laboratory (Black-Ray Long Wave UV Lamp; Ultra-Violet Products, San Gabriel, CA). Data from each application were grouped into six density classes of microcapsules: 0, Յ5, Յ10, Յ20, Յ40, and Յ80.
Materials and Methods

Density of Microcapsules per
The relationship of leaf area on the density of microcapsules deposited was evaluated in similar studies conducted in seven ÔDeliciousÕ apple orchards during 2004. Orchards were selected to include a wide variation in mean leaf area that occurred because of differences in tree vigor after the occurrence of seasonal drought conditions in some blocks. Trees were sprayed with a standard low-volume spray application of the experimental MEC formulation. The number of microcapsules deposited on both leaf surfaces was counted from Þve leaves collected from the sprayed zone of 10 trees within each orchard. Surface area of each leaf was measured with a LI-3000 portable area meter (LI-COR, Lincoln, NE). Data analysis was conducted with the mean microcapsule density per leaf and leaf area from each orchard.
Canopy Distribution of Microcapsules. The distribution of microcapsules after a low-volume spray of the experimental MEC formulation applied to only one side of the tree was examined in three apple orchards with variable canopy structures. A vertical axis training system was used in orchard 1 (ÔJonathonÕ with a tree density of 1,500/ha). A central leader training system was used in both orchard 2 (ÔDeliciousÕ with a tree density of 370 trees/ha) and orchard 3 (ÔGolden DeliciousÕ with a tree density of 543 trees/ ha). Trees in orchard three had not been pruned for 2 yr. The mean tree height (H), depth (D), and width (W) (in meters) for each orchard was calculated by measuring these dimensions in 10 representative trees. The mean canopy volume of trees in each orchard was estimated by assuming a rectangular canopy shape (volume ϭ H ϫ D ϫ W). Spray height was targeted at 1.1Ð1.4 m below the top of tree canopies. Tree canopy was subdivided into three sampling regions (below spray zone, spray zone, and above spray zone) on both the sprayed and unsprayed sides of trees. The height and depth of each of these sampling regions was 0.7 m. The spray zone was subdivided vertically into a high and low zone (0.35 m) that symmetrically bracketed the height of the sprayÕs initial contact with the canopy. Sprays were applied to a single row in each orchard, and 15, 20, and 30 trees spaced 10 m apart were sampled in the three orchards, respectively. Five leaves on each tree were collected randomly from within each of the eight sampling regions of the canopy. Microcapsules were counted separately on the top and bottom surfaces of each leaf, and data analyses were conducted with the pooled data from each sample.
Flight Tunnel Assays of Field-Aged MEC-Treated Leaves. Experiments were conducted with a ßight tunnel to examine the attractiveness of Þeld-aged apple leaves treated with CheckMate CM-F (14.4% AI) to adult male codling moth. Five experiments were conducted in blocks of ÔDeliciousÕ on 4 June and 21 July 2004 and 9 June, 17 July, and 29 August 2005. Precipitation (1.3 cm) occurred on day 4 after the Þrst spray application, and these data were not included in the analysis. Instead, data from the 4 June test were graphically compared with data collected during the 9 June 2005 study when no precipitation was recorded. On each spray date, 10 leaves on Þve trees were selected, and either the upper or lower surface was sprayed with 0.5 ml of a 0.1% dilution of CheckMate CM-F using a 200-ml hand-pump aerosol polypropylene spray bottle (United States Plastic, Lima, OH). Five leaves with each spray treatment plus Þve untreated leaves were collected each week for use in ßight tunnel tests.
Male moths (Ͻ36 h old) were obtained from the USDA laboratory colony reared on artiÞcial diet and conditioned under a reversed photoperiod of 16:8 L:D for 24Ð48 h at 24ЊC and 60% RH (lights off at 1000 hours). Flight tunnel tests were conducted between 1000 and 1300 hours. Moths were released individually from a plastic container placed on a 30-cm-high platform near the air outlet end of the ßight tunnel. The ßight tunnel was constructed from 6-mm acrylic sheeting (1.66 m long, 0.57 m wide, and 0.57 m high). A 12-V DC blower was used to pull air from the room (maintained at 24ЊC and 50 Ð 60% RH) into a plenum, through a charcoal Þlter, and through a series of screens before passing into the tunnel. Air ßow through the tunnel was maintained at 0.25 m/s. Exhaust was expelled to the outside of the building. Illumination of the ßight tunnel was generated by three incandescent 40-W red lights placed over the tunnel and was maintained at 2.0 lux. Leaves were clipped on a ring stand 0.31 m above the tunnel ßoor and 0.20 m from the entrance of the tunnel. Leaves were oriented at a downward sloping 30Њ angle with the treated surface exposed. Two or three moths were ßown consecutively to each leaf (10 Ð15 moths per treatment per week). Untreated leaves were included on each date as a control and leaves were randomly selected. The occurrence of upwind orientation and leaf contact were recorded for each moth. Data were recorded on each date as the percentage of leaves eliciting these behaviors.
Moth Catch in MEC-Baited Traps. Studies were conducted in 2003, 2004, and 2006 to examine the attractiveness of artiÞcial leaves treated with microcapsules in both untreated and MEC-treated orchards. A standard ovate leaf shape (27.8 cm 2 ) was cut from 12.5-cm-diameter black Þlter paper circles (Schleicher and Schuell, Keene, NH). A stock solution of experimental MEC sex pheromone was prepared by diluting 200 l with 200 ml water. Five artiÞcial leaves were each placed horizontally on a grid of pins embedded in parafÞn, sprayed with a 0.5-ml solution using a 200-ml hand-pump aerosol polypropylene spray bottle, and air dried for Ն2 h before ßuorescent microcapsules were counted. The stock solutions deposited a mean (SE) of 101.8 (2.1) microcapsules per leaf surface. ArtiÞcial leaves were sprayed on both sides with serial dilutions of the stock solution to generate leaves with an estimated density of 5Ð200 microcapsules. ArtiÞcial leaves were stapled to the inside top and 3Ð 8 cm from the outside edge of deltashaped sticky traps (Suterra, Bend, OR).
Field studies were conducted in three unsprayed apple orchards during 2003. All orchards were mature apple blocks of interplanted ÔDeliciousÕ and ÔGolden DeliciousÕ. Tests were conducted in the Wapato, Zillah, and Moxee orchards from 21 August to 8 September, 25 August to 15 September, and 26 August to 29 September, respectively. Traps baited with Þve replicates of each microcapsule density plus an untreated control were randomly placed 20 m apart in each block, except in the Moxee block which had only two replicates per treatment. Traps were attached to a PVC pole and hung in the canopies at 3.0 m and checked weekly. Unsexed, laboratory moths (1,000 Ð 3,000) were released each week in the Moxee orchard. Data Analysis. Moth counts per trap and numbers of microcapsules per leaf were transformed with log(x ϩ 1), and proportional data were transformed with arcsine (square root [x] ). The density of microcapsules deposited on leaves within the canopy was evaluated with a three-way analysis of variance (ANOVA) with height, depth, and leaf surface (upper versus lower) as the main factors (Analytical Software 2003). One-way ANOVAs were used to compare moth catches in traps baited with different MEC densities in three untreated orchards. A univariate repeated-measures ANOVA (date was the subject factor) was used to compare moth catch in traps baited with artiÞcial leaves treated with various densities of microcapsules in MECtreated orchards. TukeyÕs method was used to separate means in signiÞcant ANOVAs (P Ͻ 0.05). Linear regression was used to evaluate the relation of leaf area and microcapsule density. FisherÕs exact test was used to compare the proportion of male moths contacting treated versus untreated Þeld-aged leaves in ßight tunnel assays (P Ͻ 0.05).
Results
Density of Microcapsules per Leaf.
The cumulative distribution of microcapsules deposited per leaf was fairly consistent among the 30 spray trials (Fig. 1) . In general, Ϸ30% of the leaves in the spray zone of the canopy had no microcapsules, while a similar percentage had Ͼ10 per leaf. At microcapsule densities Ͼ5 per leaf, the cumulative distribution increased Ϸ10% with each subsequent doubling of the microcapsule density up to 80 per leaf. Only 2% of leaves had Ͼ80 microcapsules, and the highest number counted in these trials was 156 per leaf. Leaf area (cm 2 ) was a signiÞcant factor inßuencing the density of microcapsules, (slope 0.52 [SE ϭ 0.14], P Ͻ 0.05, adjusted R 2 ϭ 0.68). Canopy Distribution of Microcapsules. SigniÞcant differences in the deposition of microcapsules in different regions of the canopy were found in all three orchards (Table 1) . Canopy height, canopy depth, and leaf surface were all signiÞcant factors affecting microcapsule density in the vertical axis orchard. Significantly fewer microcapsules were deposited below the spray zone versus inside the spray zone, but this was not signiÞcantly different from the density of microcapsules deposited above the spray zone. No difference was found for microcapsule density above versus within the spray zone in this orchard. SigniÞcantly more microcapsules were deposited on the sprayed side versus the unsprayed side of the orchard and on the bottom than the top of leaves (Table 1) . The interactive terms in this model were not signiÞcant.
SigniÞcant interactions in the model occurred among the three factors in the data analyses of both central leader orchards (Table 1 ). In the pruned orchard, signiÞcantly more microcapsules were deposited on the sprayed side of the tree within the spray zone, whereas this pattern was reversed both above and below the spray zone. SigniÞcantly more microcapsules were deposited on the underside of leaves on the sprayed side of the tree, whereas this was reversed on the unsprayed side of the orchard. Similarly in the unpruned orchard, the proportionally greater numbers of microcapsules deposited on the unsprayed side high and low in the canopy caused a signiÞcant interaction for canopy height with canopy depth. The greater microcapsule density on the top versus the bottom of leaves low in the canopy compared with the other three regions created a signiÞcant interaction of canopy height and leaf surface (Table 1) .
Flight Tunnel Assays of Field-Aged MEC-Treated Leaves. Both Þeld aging and treated leaf surface (top or bottom of leaf) were signiÞcant factors affecting male moth upwind ßight and leaf contact in ßight tunnel tests (Table 2 ). The interaction of time and leaf surface was not signiÞcant. The proportion of moths exhibiting upwind ßight to treated leaves and leaf contact dropped signiÞcantly after 3 wk. Upwind male ßight to untreated leaves was not observed in any assay. Leaves sprayed on their top surface elicited signiÞcant levels of moth contact for 2 wk, whereas leaves sprayed on the bottom were attractive for 3 wk compared with the untreated control (FisherÕs exact test, P Ͻ 0.05). The effect of 1.3 cm of precipitation on the fourth day after a MEC spray on the attractiveness of treated leaves was noticeable compared with similar data collected during a period without precipitation (Fig. 2) . This was particularly apparent for leaves with microcapsules sprayed only on their top surface.
Influence of Microcapsule Density on Leaf Attractiveness. SigniÞcant differences were found in the mean capture of moths in traps baited with artiÞcial leaves treated with different number of microcapsules in all of the unsprayed orchards during 2003 (Table 3) . Traps baited with all densities of sex pheromoneÐ treated artiÞcial leaves caught signiÞcantly more moths than traps with untreated leaves. ArtiÞcial leaves treated with 20 and 40 microcapsules were signiÞcantly more attractive than leaves treated with the two lowest rates of microcapsules (Table 3) . A trend of traps baited with MEC-treated artiÞcial leaves catching more moths over time was seen in all three studies in MEC-treated orchards (Fig. 3) . However, time was a signiÞcant factor in the repeatedmeasures ANOVAs only with the data from 2004 (F 3,12 ϭ 3.13, P Ͻ 0.05). The concentration of microcapsules sprayed on artiÞcial leaves was not a signiÞcant factor inßuencing moth catch in any of the statistical tests (P ϭ 0.20 Ð 0.78). Similarly, the interaction of MEC concentration and time was not signiÞcant in these three tests (P Ͼ 0.68). No traps baited with untreated artiÞcial leaves caught moths in MEC-treated orchards.
Discussion
Applying CheckMate CM-F as a low-volume, lowpressure spray to the upper canopy of orchards signiÞcantly improves its performance relative to the more traditional use of air blast applications (Knight and Larsen 2004, Knight et al. 2008) . This approach creates a spray zone with hundreds of attractive point sources of sex pheromone that spatially overlays the boundaries of codling mothÕs sexual activity within the treeÕs canopy (Weissling and Knight 1995) . Our stud- ies show that MEC-treated leaves can remain attractive to codling moth for at least 3Ð5 wk depending on the initial density and retention rate of microcapsules. Studies are needed to further reÞne the use of lowvolume MEC sprays to create larger numbers of longer lasting and more attractive point sources that will further enhance mating disruption of codling moth.
Increasing the spray rate of the MEC formulation could be the most direct method to increase the density of microcapsules deposited on foliage. Since 2003, our studies have been conducted at the lowest label rate of CheckMate CM-F, 25 g (AI)/ha, to allow a relative comparison with hand-applied dispensers which are used at rates of 50 Ð100 g (AI)/ha. Higher rates of CheckMate CM-F may be needed to target the higher codling moth population densities that typically occur along the borders of orchards and during periods of peak moth ßight during the season (Knight et al. 2008) . In previous studies, increasing the MEC spray rate applied with air blast sprayers has not improved disruption of either codling moth (Stelinski et al. 2007) or the tortricid, Sparganothis sulfureana (Clemens) (Polavarapu et al. 2001) . Whether increasing the spray rate using the low volume approach would also fail to improve disruption, however, is unclear.
For example, doubling the proportion of leaves in the spray zone with Ͼ10 microcapsules from 2% with an air blast spray may be trivial , but a similar proportional increase in these leaves (from 30%; Fig. 1 ) after low-volume sprays could have a signiÞcant affect on mating disruption through competitive attraction.
Other adjustments can be made to the spray application to increase microcapsule density. The use of some adjuvants can increase the deposition of microcapsules , Wins-Purdy et al. 2007 ). Alternate-row middle spraying has been tested where sprays are applied to every other row and has successfully reduced application costs and doubled the concentration of microcapsules applied (T.L., unpublished data). The use of more frequent MEC applications at lower rates could maintain a higher mean density of microcapsules on foliage through the season, especially through periods of precipitation and rapid changes in leaf size and canopy volume. Another spray modiÞcation has been the use of a visual sensor to detect the tree trunk and pulse sprays into the upper central area of each treeÕs canopy (Knight 2007) . The degree of spray concentration achieved with this approach depends on the tree-row spacing within an orchard and could allow two-to four-fold higher concentrations of MEC to be applied in orchards with a central leader architecture (350 Ð550 trees/ha) compared with high-density spindle orchard systems (Ͼ1,000 trees/ha).
All factors inßuencing the deposition, retention, and protection of microcapsules within the canopy also likely impact the residual attractiveness of treated leaves. Low-volume MEC sprays were applied to the upper canopy of trees with spray angles of 40 Ð50Њ to increase the deposit of microcapsules on the bottom relative to the top of leaves. Microcapsules on the underside of leaves have higher rates of retention after precipitation events and are more protected from UV light (Hall and Marrs 1989) . Fieldaged leaves treated with microcapsules on their top surface lost their attractiveness faster than leaves with microcapsules on their lower surface after both wet and dry weather (Table 2; Fig. 2 ). Whether this difference under dry conditions was caused by UV degradation or variable rates of microcapsule dislodgement over time was not examined. The use of adjuvants to increase retention of microcapsules has had some success and may also inßuence their emission rate over time , Wins-Purdy et al. 2007 ). Development of improved formulations of CheckMate CM-F with new antioxidants and UV blockers that extend their chemical stability and attractiveness has been reported (Hamman and Ketner 2008) .
Studies with other high-density dispenser formulations ("female-equivalent") for codling moth, such as Scentry NoMate CM Fibers (Scentry, Billings, MT), Hercon Disrupt CM ßakes (Hercon, Emigsville, PA), and wax drops have suggested that mating disruption with these products is achieved through competitive attraction because individual or small clusters of dis- Column means followed by a different letter were signiÞcantly different (P Ͻ 0.05, Tukey). pensers are attractive to male moths (Epstein et al. 2006 . Conversely, the emission rate of individual or clusters of these dispensers are thought to be too low to cause habituation . However, this assumption is not conclusively supported by behavioral observations. Pre-exposure to high-emission pheromone sources, such as Isomate dispensers, caused male codling moths to exhibit an elevated response threshold for Ͻ24 h . Thus, the role of competitive attraction with these reservoir dispensers is likely caused by the interaction of male attraction toward dispensers and the subsequent short-term habituation of malesÕ responsiveness (Cardé et al. 1998) . Flakes, Þbers, and wax drops were all relatively more attractive than Isomate dispensers when each was compared with sex pheromone monitoring lures (Barrett 1995 , Epstein et al. 2006 . However, the factors affecting the signiÞcant reductions reported in male captures in traps surrounded by these dispensers have not been examined, and thus the role of noncompetitive mechanisms cannot be excluded. For example, the potential role of habituation may be much greater if male moths physically contact these "femaleequivalent" dispensers .
Noncompetitive mechanisms for sex pheromoneÐ based mating disruption can include sensory fatigue, signal camoußage, and signal imbalance (Bartell 1982, Cardé and Minks 1995) . Previously, MEC formulations have been thought to achieve disruption primarily through a single mechanism, i.e., camoußage of the femaleÕs signal through a production of a homogeneous cloud of pheromone (Sanders 1997 , Doane 1999 . Disruption of male moth orientation to a lure placed in a ßight tunnel by arrays of microcapsules was considered to be caused by camoußage, sensory desensitization, or both for only the Þrst 24 h (Stelinski et al. 2005) . The observed short residual effectiveness of MEC formulations for codling moth reported from Þeld studies was suggested by these authors to be caused by an insufÞcient atmospheric concentration of pheromone to maintain camoußage of virgin femalesÕ pheromone signals. Interestingly, Witzgall et al. (2008) theorized that camoußage is probably not an important mechanism of disruption for codling moth partially because the structural diversity of orchardsÕ canopies likely precludes the maintenance of a homogeneous cloud of sex pheromone. Instead, antennal adaptation, increased response threshold, and habituation of the central nervous system are thought to be the more important noncompetitive mechanisms creating disruption.
The role of noncompetitive mechanisms of mating disruption in codling moth by clustering microcapsules remains unclear. Stelinski et al. (2005) conjectured that if male codling moths attracted to clusters of microcapsules made direct contact with these formulations, other noncompetitive mechanisms could be induced. Wins-Purdy et al. (2007 experimentally showed this effect with a MEC formulation of (Z)-11-tetradecenyl acetate for the tortricid, Choristoneura rosaceana Harris. Short-term habituation (1 h) and not antennal adaptation occurred in male moths placed on MEC-treated disks for 1 h in ßight tunnel assays. At present, similar studies have not been conducted with codling moth. However, we hypothesize that increasing the density of microcapsules on leaves and concentrating the deposition of microcapsules into the region of the canopy where codling moth adults are active could increase the role of noncompetitive mechanisms for codling moth and this should be evaluated.
Our studies, unfortunately, did not fully measure the exposure of codling moth to MEC sprays under Þeld conditions, and thus, we cannot be absolutely sure that males orient to individual leaves with high densities of microcapsules within a treated canopy. Flight tunnel tests observed males responding to individual leaves placed in a background of clean air. Male behavior after a sustained exposure to sex pheromone being released from hundreds of surrounding points can be quite different than results obtained in ßight tunnel tests (Wins-Purdy et al. 2007 ). The observed trend that artiÞcial leaves treated with high densities of microcapsules became more attractive in treated orchards over time was similar to laboratory results, which is encouraging (Stelinski et al. 2005) . However, it is not clear which single or combination of mechanisms may have created this trend, i.e., camoußage, habituation, or desensitization. Furthermore, using artiÞcial leaves placed within plastic traps created some physical separation between these point sources and the surrounding treated foliage (3Ð20 cm). Again, it is unknown how effective male codling moths are in discriminating between adjoining natural leaves with variable densities of microcapsules within sprayed canopies. Behavioral observations of codling mothÕs responses to clusters of microcapsules within treated orchards could provide more insight into the mechanisms impacting disruption of male codling mothÕs behavior with low volume MEC sprays. Behavioral observations of codling moth responding to reservoir dispensers in the Þeld were helpful in directing subsequent experimental laboratory studies , Stelinski et al. 2004 .
The use of low-volume MEC sprays to create thousands of potentially attractive leaves on every tree in an orchard is a fundamentally different approach to achieving mating disruption than the application of reservoir dispensers at 500 Ð1,000/ha. The wide spacing of reservoir dispensers within orchards (one dispenser/10 Ð20 m 2 ) helps to create a highly ßuctuating atmospheric pheromone concentration within canopies (Koch et al. 1997) , and male codling moth rarely contact dispensers ). Low-volume MEC sprays closely surround calling female moths with many clusters of microcapsules releasing similar levels of sex pheromone and males are exposed to plumes emanating from hundreds of point sources. Males resting on treated leaves and orienting and contacting clusters of microcapsules would become contaminated directly with pheromone. We suppose that increasing the attractiveness of microcapsules would increase the exposure duration of males to plumes and increase direct moth contact and thus enhance the interplay of several competitive and noncompetitive mechanisms of mating disruption in codling moth (Minks and Cardé 1988; Cardé et al. 1998) .
Studies conducted over 30 yr have examined the role of codlemone and a suite of minor components present in the female gland of codling moth (see Witzgall et al. 2008 for a recent review). Two key studies have reported that female gland extract was more attractive than codlemone alone in ßight tunnel tests (El-Sayed et al. 1999 ) and a three-component blend of codlemone, dodecan-1-ol and tetradecan-1-ol in Þeld trials (El-Sayed and Trimble 2002) . These data suggest that MEC formulations more attractive than CheckMate CM-F can be developed, which could further enhance mating disruption of codling moth. In addition, the use of plant volatiles to enhance the attractiveness of sex pheromone has promise (Witzgall et al. 2008 ). In particular, pear ester, (E,Z)-2,4-decadienoate, is attractive to both sexes of codling moth (Light et al. 2001 ) and can enhance malesÕ response to suboptimal rates of sex pheromone in ßight tunnel assays (A.L.K., unpublished data). Light and Knight (2005) combined MEC formulations of pear ester and sex pheromone to signiÞcantly reduce codling moth injury compared with pheromone alone in walnut; however, low-volume MEC sprays of pear ester have not yet been tested. These preliminary results, however, signal that more studies are needed to address the impact of pear ester and other plant volatiles on both competitive and noncompetitive mechanisms of sex pheromone-based mating disruption.
